


Precision Measurement 
Central (1) 


With an MSCI210 Development Platform 


Design by J. Wickenhauser www.wickenhaeuser.com 


Elektor is proud to present a Texas Instruments MSC1I210 based 
microcontroller board complete with its first application: a versatile, high- 
end, compact and accurate measurement module. Thanks to the state of 
the art controller used, the module can be programmed to suit many 
measurement tasks. 
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On today’s microcontroller market you'll come wagon by employing the popular using the MSC1210 in the Elektor 
across a plethora of 8051-compatible CPUs 8051 core in a very special product, Precision Measurement Central. 

with on-chip analogue extensions. Texas the MSC1210. Even after just a cou- The project comprises a small 
instruments (TI) recently jumped the band- ple of tests we were won over to controller board that can be 
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attached to the rear side of an LCD 
module, the combination acting as a 
51/2-digit (!) digital multimeter 
with eight channels. Besides the 
microcontroller the board contains 
number of SMA (surface mount 
assembly) parts. 

Obviously, the versatility and 
accuracy of the Precision Measure- 
ment Central could not be achieved 
with hardware only, and that is why 
we include an ANSI-C program- 
ming platform complete with a 
number of libraries. The latter come 
complete with their source code files 
for smooth connection to the 
resources offered by the MSC1210 
controller. Even complex floating- 
point operations are possible! 


A new controller family 


The functionality of the MSC1210 is 
illustrated in Figure 1. The first 
member of this new microcontroller 
family consists of an 8-channel 24-bit 
A-D converter, a voltage reference 
with extremely low temperature drift 
and a high-speed 8051 microproces- 
sor core. In addition to these func- 
tional blocks we find a large number 
of special features like a second 
UART and extra RAM. The CPU itself 
has available 4 to 32 kbytes of Flash 
memory for program code or data, 
besides a bootstrap loader. 

Apart from the MSC1210 micro, 
all you need to make your own 
development system is a handful of 
birdseeds (a.k.a. SMA parts). Down- 
loading programs into the MSC1210 
requires no additional hardware. 
Only two jumpers have to be 
installed and hey presto the Preci- 
sion Measurement Central can be 
programmed and controlled by way 
of its RS232 interface. If you are sat- 
isfied with the operation of the pro- 
gram, you simply remove the two 
jumpers. The program will then 
remain in the on-chip memory for at 
least 100 years (say TI) if it is not 
erased on purpose. 


The MSC1210 
and its peripherals 


The circuit diagram of the Precision 
Measurement Central is given in 
Figure 2. At the heart of the circuit 
sits the MSC1210 micro, which is 
powered by two voltage regulators. 
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Main technical data of MSCI2Ix series 


CPU 8051 compatible high-speed core (4 cycles) 
Clock max. 33 MHz 
Supply voltage 2.7 to 5.25 V 


On-chip memory 
Programmability 


4-32 kB Flash, 1.2 kB RAM 
In-Circuit and In-Application 


(CPU capable of programming itself) 


Security 
Main digital peripherals 


Analogue Peripherals: 
A-D converter 
Reference 


Family members: 
MSC1210 
MSC1211 
MSC1212 


IC2 is responsible for the digital sec- 
tion, IC6 for the analogue sub-cir- 
cuits. A strict separation of the two 
supply rails is essential to be able to 
exploit the high accuracy of the ADC 
inside the MSC1210. Decoupling 
capacitors in all the right places and 
a generous ‘copper pour’ ground 
plane contribute to the supply 
decoupling. The CPU is clocked at 
11.0592 MHz which makes it about 
twice as fast as a regular 8051 
(depending on the instructions used; 
the timing being slightly different). 
According to TI, if the MSC1210 
were clocked at its maximum rate of 
33 MHz, it would be just as fast as a 


Watchdog, Internal Brown-Out detection 
2 UARTS 


8 full differential channels, 24 bit resolution 
0, 1.250 V, 2.500 V (+0.2 %, drift: 5 ppm/K) 


basic model 
4-channel 16-bit D/A converter, Multi-Master I2C 
4-channel | 6-bit D/A converter 


regular 8051 ticking at 82.5 MHz. 

All analogue inputs are protected to some 
degree by R-C filter sections. The reference 
supply line of the MSC1210, too, has a resis- 
tor inserted (R19). The reference voltage 
proper may be loaded with up to 8 mA. In 
case of extremely accurate measurements, 
the voltage drop across R19 may have to be 
taken into account. The reference voltage is 
digitally controllable — more about this under 
the software description. 

At first blush the RS232 interface of the 
Precision Measurement Central may appear 
a bit of an oddball. The relevant circuitry 
operates as a passive interface, stealing its 
negative transmit voltage from the receive 
line (using T1 and IC5.B). 
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Figure 2. Circuit diagram of the Elektor Precision Measurement Central. 





The bootstrap loader needs two helper 
signals, which are generated via IC5.D, IC5.E 
and IC5.F — these signals are only active 
when jumpers J1 and J2 are installed. Of 
these, J1 allows the PC to reset the MSC1210, 
while J2 causes the bootstrap mode to be 
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selected on a reset. The remaining 
gate, IC5.C, is used to drive an LED. 

The second interface of the 
MSC1210 controls an RS485 driver. 
This allows networks of anything 
between 32 to 256 junctions to be 


set up (depending on IC3), which 
can extend over several kilometres. 
The two RS485 signals are also pro- 
tected against light voltage surges 
as they typically occur in cables 
installed in homes and offices. A 
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TEST MEASUREMENT 


practical application of the RS485 
interface will be discussed in a fol- 
low-up instalment. 

Last but not least, the project 
includes an I2C bus. Because the 
MSC1210 requires a dedicated dri- 
ver, this bus can only be used in 
Master mode. 

All analogue signals are ‘bonded 
out to pins’ on analogue bus connec- 
tor K4. The printed circuit board has 
plenty of free space for your own cir- 
cuit extensions. The complete 
processor bus is available on K5. 
Here, you can connect add-on RAMs 
or an Ethernet driver, to mention but 
two examples. The latter extension 
allows the Precision Measurement 
Central to send e-mails or store mea- 
surement values for remote retrieval 
using an Internet browser. 

Please be careful with VIN _D1 


and VIN_D2 on K4 and K5 as these 
pins convey the circuit supply volt- 
age. The controller must never be 
allowed to ‘see’ voltages lower than 
0 V or exceeding 5 V. 


A look at the software 


In case you already had a look at the 
MSC1210 datasheets published by 
Texas Instruments, you may have 
been overwhelmed or even put off 
by the staggering number of features 
offered by the CPU. To make life a lit- 
tle easier (in this respect) we supply 
a software driver, complete with 
source code, for the essential 
MSC1210 functions. 

Fortunately, Craig Steiner’s 360- 
page User Manual makes much 
lighter reading than the dry 
datasheets. The manual may be 


Useful Internet addresses: 


www.ti.com/msc 


Texas Instruments MSC Homepage wit general information on the MSC micros as 


well as current datasheets. 


www.wickenhaeuser.com 





http://groups.yahoo.com/group/TI-MSC 





For the uC/51 ANSI-C Compiler. 


The MSC Newsgroup with numerous files for downloading. 


www.lightplanet.com/TI-MSC 


MSC Newsgroup Download with topical info on CD distributions of development 


kits, datasheets, AH52-BASIC, etc. 


www.8052.com 


Craig Steiner’s 8052 Forum (author of the MSC User Manual). 


www.sys.cz/msc 1210 





Robin Kucera’s MSC web page with the MSC Downloader. 


Hardware & Software 


The Precision Measurement Central described in this article, as well as various 
spin-off MSC1210 projects to follow, are almost impossible to build using com- 
monly available solder tools. Manual soldering of pins with a distance of 0.5 mm 
will be beyond the capacity of many of our readers and that is why we offer the 
board pre-stuffed, that is, ready-built an tested. Availability, prices, and supply 
conditions are not known at time of writing but will be announced in due course 
on our website at www.elektor-electronics.co.uk 

Meanwhile, all software relating to this article instalment may be downloaded 
from this month’s Free Downloads section. The relevant files not only include the 
development environment but also the Gerber/CAM data of the double-sided 
through-plated printed circuit board. After publication of this article, updates and 
breaking news on the Precision Measurement Central may be found on the 


author’s website. 
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downloaded from www.8052.com, a url that 
should be familiar to dyed in the wool 8051 
and 8052 programmers. 

All you need in the way of drivers, down- 
loaders and compilers for this project may be 
downloaded from www.wickenhaeuser.com. 
The uC/51 Compiler has been listed by TI as 
an official 314 party product. All you need to 
do is install the compiler in its demo version. 
Because the uC/51 features an extremely 
powerful code optimiser, the available 
8 kbytes of object code is sufficient even for 
larger projects employing floating-point arith- 
metic. Alternatively the MSC micros may be 
programmed in higher languages like BASIC. 
A link to Robin Kucera’s adaptation of the 
famous AH-BASIC may be found in the MSC 
Newsgroup Download section. The same 
author produced a free code-downloader util- 
ity that forms a good alternative to the origi- 
nal TI downloader because it comes with a 
HEX editor. 

As we write this, a couple of interesting 
add-on tools are being developed to comple- 
ment the uC/51 Compiler. For example, we 
can look forward to having a Flash debugger 
that allows C programs in EPROM/Flash 
memory to be debugged at the source text 
level, while doubling as a downloader. Have 
a look at the author’s homepage to check the 
availability of this downloader by the time 
you read this article. 


The source code files for the Precision Mea- 
surement Central (‘Elektor Meter’) may be 
found in the directory 


SRC\MSC1210\ELMET 


of the uC/51 installation. For your own pro- 
jects, you will only need two software func- 
tions: 


init_msc1210() 

which initialises all essential elements: the 
serial RS232 interface at 9,600 bits/s, the 
watchdog and the peripheral circuitry. 


adval_dif(uchar mux. uchar kali) 
which allows you to access the ADC. The 
variable mux contains the two input channels, 
each coded to 4 bits. Values from 0-7 identify 
inputs ADO-AD7; value ‘8’ equals AGND and 
15’ the internal temperature sensor. The rest 
of the numbers is not used. The value 0x34, 
for example, would indicate the difference 
between inputs AD3 and AD4. 

When kali (calibration) is not equal to 0, 
the MSC1210 executes a self-calibration 
action. Although it takes some extra time, it 
is recommended to run the calibration after a 
reset or a change of the operating parameters 
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(temperature, preamplifier, etc.). 

The temperature sensor is a rather 
unusual feature. In order to actually measure 
temperature, a formula from the User Manual 
is employed (also in one of the demo pro- 
grams). 

The ADCONDO register in the MSC1210 is 
used to adjust the level of the reference volt- 
age (1.250 V or 2.500 V) as well as activate 
the A-D converter buffer. This is recom- 
mended in all cases! Also, the converter’s 
voltage window may be adjusted with the 
aid of the three lower bits, the available range 
being [Vref/1] to [Vref/128)]). The relevant 
constants may be found in the header file 
ELMET .H. Using the initialisation 
ADCONO = EVREF|EBUF|VREFH|GAIN_1; 
the reference voltage is set to 2.500 V, the 
buffer is enabled, and the window size is set 
to 2.500 V. 

After this, a period of just over 100 ms 
elapses, whereupon the system is ready to 
start measuring. Variable adval_dif() sup- 
plies a raw value between OxFF800000 and 
Ox007FFFFF, which, as a 32-bit integer, 
equals the ‘size’ of the ADC window. Because 
the reference can deviate up to 0.2% of the 
ideal value, the following scaling operation is 
necessary to determine the exact voltage at 
the input (at a window size of 2.500 V, 1 digit 
of the raw value corresponds to 298.023 nano- 
volts): 


Voltage = 
raw value * 298.023e-9*U_REF/2.500) 


(at U_LREF = 2.500 V +0.2%). 


In the demo ELMET.C supplied for this pro- 
ject, the above scaling is used for two inputs 
plus the chip temperature. Even if you do not 
have the I2C LCD module pictured in the 
introductory photograph, measurement val- 
ues may be obtained by using a terminal 
(emulation) program. Install jumpers J1 and 
J2, power up the Precision Measurement 
Central (supply voltage 7.5 V to 15 V), then 
connect the RS232 port to COM1 on your PC 
using a null-modem cable with sockets at 
both ends. Start by launching the program 
Umshel11 of the uC/51 Compiler. Next, open 
the file ELM _VOLT-MAK and press the F9 key 
(Figure 3). The compiler will then build the 
MSC program for you, generating the file 
ELM VOLT.HEX. Next, set the Target run in 
the Combo box (see Figure 4). 

Now, if you press F9 again the file 
ELM _VOLT.HEX is copied (downloaded) to 
the Precision Measurement Central board. 
Also, a Terminal window is opened in which 
you can view the levels of the analogue volt- 
ages at inputs ADO and AD1 with respect to 
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TA UmShell - C:\c\uc51\src\msc121 0\ELME T\ELM_VOLT.MAK 
File Edit Search Make Options Help 


a| oee Blfemvornex = a al 


WESKEsHesesHesessesKeseseeseesessesessesees assess ss esx qMake target H 
# 





ELM_VOLT.MAK - Makefile for ELEKTOR-METER V1.0 Volfage meter 


This Makefile shows basic operations of the ELEKTOH-METER, al 
development platform. 


= RSZ 
- RS485 (overvoltage protected!) 


# 

# 

# 

# 

<F9> 
# NOTE: The ELEKTOR-METER can be ordered as a complete Tested bi 
# 

# 

# 

# - IZC-Bus 

4 


Some features: 
hf 
b 


Updates the main Target [only changes) 


Figure 3. Umshell handling ELM_VOLT.HEX 


T UmShell - C:\c\uc51\src\msc1210\ELMET\ELM_VOLT_MAK 
File Edit Search Make Options Help 


15) x! 








'C:\C\UCS1\bin\a5l1 -e elm’ 
'C:\C\UCS1\bin\a51 -e utilit 
= yC UCSI \bin\ucSl elmet.c el 


lt.s51 -iC:\C\UCSl\include -4 
§1 -iC:\C\UCSl\include -g 
„-551 -IC: eee 


Select Target ‘run’: 


‘elm volt.bin': start: #0, end: $17ff, size: $1800/{(dec. 
‘text': start: “$0, end: $17ff size: #1800/(dec.}6144 Byt« 
‘bit': start: $0, end: $0 size: #1/(dec.)1 Bytes 

‘dram': start: $21, end: ¢Sf size: #3f/(dec.)63 Bytes 
"C:\C\UCS1\bin\binZhex elm volt.bin elm _volt-hex'... 


Updates the main Target [only changes) 





Figure 4. Umshell handling Target RUN. 


= TI Download Terminal -|O] x] 


File CommPort 


olsi a| O 


=== ELH YOLT.HEX — ELEKTOR-HETER ¥1.0 === & 
Voltage AO/AGHD: 1.254210 ¥) 

¥Yoltage AI/AGHD: 1.252583 YF) 

Chip temperature: 31.46444 oC) 


¥Yoltage AO/AGHD: 
Voltage Ail/AGHD:- 
Chip temperature: 


1.254205 ¥) 
1.252572 ¥) 
31.39614 oC) 


¥Yoltage AO/AGNHD: 
Voltage A1/AGHD: 1.252576 ¥) 
Chip temperature: 31.38345 oC) 


| x 
4 , 


Status: [ Settings: Z 


1.254197 ¥) 








Figure 5. Measurement values being output by the ELM_VOLT demo program. 
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Positive Input eujative: Input BE 9 


























EE 
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[ADC CONVERSION IS FINISHED 


Figure 6. Texas instrument’s ADC Demo for the MSC1 210 in action. 


ground (Figure 5). Then, if you 
remove the jumpers, your Precision 





i [ FSR = 0.01953125V | COMI:57600Baud 1.1.2 


Measurement Central will faithfully 
execute this program every time you 


reset it. 

If necessary, the source test ELM_VOLT. C 
may be edited. All you need to do in Umshell 
is change between the Targets and then 
press F9 to start the compilation. 

Finally, a few words about the nice demo 
‘MSC 1210 ADC-Demo’ which may be down- 
loaded from the Newsgroup pages at TI. The 
demo exhausts nearly all possibilities of the 
ADC in the MSC controller (see Figure 6). The 
program is automatically downloaded when 
the MSC 1210 ADC-Demo is started. Please 
note that the reference voltage buffer needs 
to be activated for the Elektor Meter project. 

The source code for the high-resolution 
scales you may already have read about is 
found with the uC/51 Compiler. 
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Note: 

Projects based around the Precision Measurement 
Central to be described in future instalments of 
this series include high-resolution scales using 
strain gauges, an ultra-versatile LCD for the I2C 
bus and long-distance data transmission using the 
RS485 bus. 


